Second resolution. I formulated Assumption (B) to reflect our ordinary experience that several coats of paint may be needed in order to cover a wall. But you may object that your paint is no ordinary paint-yours is a special, mathematical paint that's an opaque, continuous fluid. Any thickness of such paint, however small, is sufficient to hide the wall. Your paint, then, satisfies the following assumption:
Mathematical models. Is there any reason to prefer one of our assumptions over the other? Or is there perhaps some other assumption more compelling than either of ours? Why do we need any assumption?
My answer to the third question is that the Gabriel's horn paradox is essentially an exercise in mathematical modeling; in making a model we first make assumptions. After all, the paradox offends our sensibilities not because of any internal logical inconsistency but because the conclusion contradicts our everyday experience. If we regard Assumptions (A), (B), and (C) as bases for models of the process of painting a surface, then we can view the paradox as simply pointing out that a certain prediction that follows from Assumption (A) does not agree with experience. We therefore discard (A) in the hope of replacing it by another, more realistic one.
Of the two candidates (B) and (C) offered here, (B) seems to me the more realistic. But both are unrealistic in that they assume that paint is continuous. Since real paint is composed of molecules, and since molecules have small but finite size, we cannot in reality fill Gabriel's horn with paint-and again there is no paradox.
around the x-axis. We tell our students that since it has finite volume and infinite surface area, it can be filled with paint but cannot be painted. However, sometimes clever physics students point out that since Gabriel's horn is unbounded, it would take an infinite amount of time to fill it with paint and so we really can't fill it with paint either. In this note, we answer the critics' charge by constructing a bounded paint pail (hence, it can be filled in finite time) with infinite surface area.
Define a function f (x) on [0, 1] as follows: f (x) = 1 if x = 0 or x = 1/n for n a positive integer, and in the interval
let f be given by a "spike" of length 1/n. See the figure. Finding expressions for f (x) on the intervals is a good exercise for students. 1 n diverges to ∞, the graph has infinite arclength. Now, rotate the graph of f around the x-axis and place a unit disk on, say, the end at x = 1. The resulting paint pail has finite volume and infinite surface area.
Note that we could not construct such an example with a function g with a continuous derivative, for then the arclength 1 0
(1 + (g (x))
2 ) 1/2 dx would be finite.
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In first-year calculus, constrained-optimization and related-rates word problems are two of the biggest stumbling blocks. In this note, I contrast the methods suggested in calculus textbooks for the solution of these two types of problems, and conclude that a different approach to constrained-optimization problems, similar to that widely used for related-rates problems, would be advantageous.
Let us first consider related-rates problems. Solution A (standard). By the Pythagorean theorem, the distance x from the foot of the wall to the ladder and the height y of the top of the ladder are linked by the relation
differentiating implicitly with respect to t yields x dx/dt + y dy/dt = 0.
We can now substitute the instantaneous value y = 4 into (1) to obtain x = 3; substituting these values and dx/dt = 1 into (2) we obtain 3 + 4dy/dt = 0, so that dy/dt = −3/4 m/sec.
Solution B (avoiding implicit differentiation)
. Solving (1) for y, we obtain
Differentiating with respect to x gives dy dx = −2x
